Introduction
According to the IDF, total global health care expenditures for diabetes have tripled between 2003 and 2013 as a result of an increase in the number of people with diabetes as well as the average health care expenditure for the treatment of diabetes. 17 This increase is expected to grow exponentially in the coming years, especially for those with low and middle incomes, and the cost of treatment for diabetes in low and middle countries will be more burdensome than high-income countries. 1 In the USA, the estimated total cost of treatment for diabetes in 2012 was $245 billion USD, including $176 billion USD for direct medical expenses and $69 billion USD for losses because of reduced productivity. 18 As Vietnam is a low-income developing country, 19 its incidence of diabetes is increasing at an alarming rate, nearly doubling in the past 10 years. 20 Pham estimated that at present, one in every 20 people is diagnosed with diabetes. 21 In addition, the number of people with prediabetes has also increased significantly to three times as many as for people with diabetes. 20 By the end of 2015, Vietnam had 63,021 cases of diabetes, representing 5.6% of people aged 20-79 years, of whom 53,457 died. 22 Pham also estimated that by 2035, the incidence of diabetes and prediabetes will increase to 7% and 15.7%, respectively. 21 In Vietnam, the average treatment cost per diabetic patient was $162.7 USD in 2015, which is more than the $150 USD per capita monthly average. 22 However, no studies on the cost of treatment of diabetes in Vietnam are available. 15 This study endeavors to present treatment costs from a societal perspective and also provide accurate and timely information about the economic impacts of T2DM in Vietnam.
Methods

Study design
In this cross-sectional study, the cost-of-illness estimates follow the sum-all cost and prevalence-based approach from a societal perspective, with selected diabetic patients who received treatment from a public hospital in Ho Chi Minh City of Vietnam in the 2016 fiscal year. 23, 24 The sum-all medical cost method involves adding all the medical costs of providing care to a patient, regardless of whether the cost was directly related to the disease or not. 25 Incorporation with a prevalence-based approach yields a general picture of the economic burden as well as component costs to provide better management reference for policymakers to manage the disease. 26 
Data collection
This was a cross-sectional study of T2DM patients who had received care in a public government hospital in 2016. The data are taken from the patient's medical records, which are located in the hospital's electronic database along with the demographic characteristics from the face-to-face interview. From this, the necessary data are synthesized to develop a model of treatment costs. Patients with T2DM are identified using the International Classification of Diseases Revision, tenth revision (ICD-10 code) with disease diagnosis code E11. Diabetes complications and comorbidities are also identified using ICD-10.
As the hospital examination period is once a month, a simple random sampling will be performed within a month (i.e., the number of patients in the day will be randomly selected with generating random numbers following a code line in Python random.choice([0, 1]), with the output equal 1 being selected and vice versa). This study included patients who qualified for all of the following two criteria such as 1) assigned ICD-10 code of E11; 2) attended treatment for T2DM for 1 year in this facility. Patients with type1 diabetes and women with gestational diabetes were excluded.
Estimation of costs
Cost-of-illness estimates in this study were incidence-based from a societal perspective, and hence considered all costs, irrespective of who incurred them. The costs consisted of direct costs and indirect costs. 27 Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2017:10 submit your manuscript | www.dovepress.com
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Type 2 diabetes in Vietnam Direct costs Direct costs include direct medical cost and direct nonmedical cost. In this study, direct medical costs are classified as medical care costs (visits and emergency care as well as procedures performed by medical personnel), diagnosis, pharmaceuticals, operation, and medical supplies. To standardize direct medical costs, the study uses reference unit costs of medical services in Vietnam from the study of Vo et al. 28 Because Vo et al's investigation was conducted in 2014, all unit costs will be changed to their 2017 values CPI CPI . 29 Self-reported illness-related cost items, such as meals (special food or diabetic supplements), transportation, accommodation, and informal care costs, were collected from patients and their family members and were considered direct nonmedical costs.
Indirect costs
The indirect costs associated with diabetes include workdays missed because of health conditions (absenteeism), reduced work productivity while working because of health conditions (presenteeism), reduced workforce participation due to disability, and productivity lost because of premature mortality. [30] [31] [32] To estimate the indirect costs, this study uses the human capital method, 26 as follows:
• Absenteeism: the number of workdays missed because of poor health. 33 The study recorded the total number of days off for routine medical visits as well as days off because of sickness based upon information provided by patients.
• Presenteeism: reduced productivity while at work, 33 which is generally measured through worker responses to surveys. However, their responses are not entirely accurate because workers, especially laborers, depend on daily productivity for their income. Consequently, the productivity loss associated with diabetes-attributed presenteeism was determined using an estimate (14 days per worker with diabetes per year). 34 • Unemployment: reduced productivity for those not in the workforce, which was defined as the reduction in people not in the workforce in personal activities, includes time spent providing child care, household activities, and other tasks, such as volunteering in the community. 33 This population includes all adults under 65 years of age who are not employed. The earnings of patients were multiplied by a factor of 75% to account for those not in the workforce. 34 
Data analyses and statistical methods
Cost data are typically highly skewed because a few patients incur particularly high costs. 35, 36 Such problems were handled using the nonparametric double bootstrap-t method to calculate the 95% CIs as well as the significant differences between means (with a 95% significance level). 37, 38 Consequently, cost data are represented as an arithmetic mean (bootstrap 95% CI) cost to make that information available for decision makers. 36, 39 All costs were measured in terms of Vietnamese currency (dong [₫] ) and converted to USD using the exchange rate of $1 USD = ₫22,708.6.
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Microvascular complications include diabetic retinopathy, diabetic nephropathy, and diabetic neuropathy, while macrovascular complications include cardiovascular and coronary artery diseases. 40 The study excluded comorbidities with a prevalence of <5%. The Chi-square test was performed to compare statistically significant differences in the prevalence of complications and comorbidities among men and women. Statistically significant correlations between the prevalence of comorbidities and complications associated with patient age were assessed with the Spearman's rank correlation coefficient (r). Descriptive statistics (frequency, percentage, mean, median, 25th-75th interquartile) were used to summarize demographic information, clinical status, and component expenditures of the data.
A two-way sensitivity analysis was conducted to find the variance of total treatment costs when the two hypothetical values (cost lost because of "Presenteeism" and "Unemployment") changed ("Presenteeism" is between 5.5 and 33.5 days, 41 and the "Unemployment" rate of the average earnings is 65%-85%).
This study applied machine learning algorithms to determine the fittest model for prediction and also to identify the factors affecting the direct medical costs of T2DM. Those algorithms compared the precision using the R 2 -score and the mean square error (MSE). Direct medical costs and continuous value features (age, blood glucose level, number of comorbidities, body mass index [BMI] , and disease duration), which did not have a Gaussian distribution, were transformed using the Box-Cox method, 42, 43 and then all continuous value features were scaled with a standardization method to convert the data from differences in measured units to the scaling factor (z-score). 44, 45 This study labeled the category variables (gender, health insurance status, marriage status, education, occupation, monthly income, drinking, smoking, exercising, relatives' T2DM history, treatment, and type of complications) with a value between 0 and n-1 (Supplementary material).
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Ethical consideration
Written informed consent was obtained from adult participants and their caregivers who were involved in the study, before the specimen collection and the questionnaire survey began. The research protocol was approved by the Biomedical Research Ethics Council at the District 9 Hospital in Ho Chi Minh City, Vietnam, and also the University of Medicine and Pharmacy in Ho Chi Minh City, Vietnam (IORG0007145).
Results
Patient characteristics
Data collected from 392 patients with T2DM were statistically analyzed according to the most common characteristic. The mean (SD) age of the patients was 65.14 (13.45) years, and participants were divided into six groups according to age. Those from 60 to 69 years of age made up the largest group, accounting for 30.4% of the sample. In addition, female patients were nearly twice as likely as males (66.6% and 33.4%, respectively) to have T2DM. Most patients reported having been diagnosed with T2DM for at least 6-10 years (36.7%); the rate of patients with disease duration from 1-5 years or ≥21 years is very low (2.6% and 2.0%, respectively).
The proportion of patients with blood glucose levels 131-179 mg/dL was the highest at 42.9%. Moreover, 69.6% of participants reported having diabetes complications, while those with comorbidities accounted for 97.4% of the total number of patients included in the survey. The vast majority of inpatients (88.0%) had different levels of health insurance coverage; the most common (80.4% of participants) had 80% health insurance coverage. A middle-school education level was most prevalent (60.2%), as was a monthly income of $200 USD (53%) ( Table 1) .
Prevalence of complications and comorbidities
The proportion of types of complications and number of comorbidities included were significantly different between men and women with T2DM (p=0.002; p=0.006, respectively). Similarly, the majority of comorbidities were statistically significantly different between males and females with T2DM, with a higher proportion of females reporting comorbidities than males, except for those with hypertension (p=0.434), liver diseases (p=0.058), or spondylitis (p=0.057).
Furthermore, in terms of the correlation between the prevalence of complications, with the exception of microvascular ones, patients with other complications had statistically significant correlations with patient age, such as I10-hypertension and J45-asthma (r=0.68, p=0.029; r=0.75, p=0.013; respectively) ( Table 2) .
Spearman's analysis also indicates that the association between comorbidities and complications is associated with hypertension and vestibular disorders with increasing age (r=0.79). The same relationship was observed between vestibular disorders and gastritis/duodenitis (r=0.93) and hypertension and macrovascular complications (r=0.88) ( Figure 1 ). Figure 1 shows the correlation coefficient matrix of the Spearman test between the prevalence of complications and comorbidities associated with patient age.
Annual treatment costs associated with sociodemographic characteristics, complications, and comorbidities
The proportion of cost components varies depending on groups of each characteristic. However, it can be seen that direct costs (including direct medical costs and direct nonmedical costs) is almost higher compared to indirect costs. Moreover, in most cases, the direct medical cost is about three to four times higher than direct nonmedical cost. Intuitively, the direct medical cost of patients with treatment of oral antidiabetics (OAD) is US $ 117.4 (95% CI 102.1, 135.7), while the latter is US $42.7 (95% CI 20.7, 88.3). Direct medical costs of macrovascular complications have the smallest arithmetic mean at US $ 81.8 (95% CI 50.9, 131.1), while the largest arithmetic mean is M47-spondylosis at US $ 240.2 (95% CI 199.1, 292.5). Direct nonmedical costs have an arithmetic mean ranging from 31.0 to 36.0. The indirect cost for treating macrovascular disease has the smallest arithmetic mean US $ 80.3 (95% CI 67.1, 95.1). Indirect costs for patients with liver diseases have the largest arithmetic mean value (US $ 91.0, bootstrap 95% CI 80.5, 105.4) ( Table 3) .
The bootstrap analysis was conducted to identify statistically significant differences in treatment costs associated with the characteristics of patients. Of all the characteristics described, only BMI and lifestyle had no difference in total cost between each group. For age group, the average cost difference was statistically significant; specifically, the average cost of patients aged 60-69 years was higher than the 40-49 years group, the 50-59 years group, and the ≥80 years group. The average cost of the 40-49-year-old age group was higher than that of the 70-79 age group at US $94.1 (95% CI 19.8-165.9). Female patients had a higher cost of treatment than men with 
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Annual costs of diabetes
Direct medical costs accounted for the highest proportion of total costs at 51.7%, while direct nonmedical costs made up only 14.0%; indirect costs accounted for 34.3% of the total. Of all the costs of direct medical costs, the cost of pharmaceuticals accounted for the highest proportion (27.5%), the cost of operation was lower (12.5%), and medical care and diagnoses and medical supplies (4.6%, 4.9%, and 2%, respectively) comprised a very low proportion. Similarly, in indirect cost categories, "Absenteeism" costs accounted for the highest rate of 20.9%, while "Presenteeism" cost and "Unemployment" costs were low (8.7% and 4.7%, respectively). In general, the average annual cost of treatment for a person with T2DM is (Table 5) .
Sensitivity analysis
The results of the two-way sensitivity analysis revealed that the total indirect costs ranged from US $27,388. 
Machine learning algorithms to predict T2DM treatment costs
The Gradient Boosting Regression and the Lasso Regression are the two best machine learning regression algorithms for predicting annual direct medical costs (R 2 =65.42, MSE=0.938; and R 2 =64.32, MSE=0.968, respectively) with a Box-Cox transformation and the total direct medical costs (with lambda = 0.024) ( Table 6 ). The optimal model (Gradient Boosting Regression) identified seven factors that contribute to the cost of diabetes: number of comorbidities (0.42), age (0.23), health insurance status (0.1), duration of illness (0.09), type of treatment (0.07), blood glucose level (0.07), and type of complication (0.02).
Discussion
This prevalence-based cost-of-illness study involved a targeted-group population that was generated from cost and administrative data retrieved from the Government Public Hospital on patients with T2DM in Vietnam. The annual cost per patient estimate in this study was US $246.10 (95% CI 228.3, 267.2), which accounted for about 12% (95% CI 11, 13) of the gross domestic product (GDP) per capita in 2017. Of this cost per patient, US $127.30, US $34.40, and US $84.40 were spent on direct medical costs, direct nonmedical costs, and indirect costs, respectively. These expenses seem lower than those reported in other Asian and Southeast Asian countries. According to a 2008 study in Thailand, the average cost treating a diabetes patient was estimated at US $881.47 (20% of the GDP per capita in 2008), 48 while a study of the economic costs of diabetes in Iran reported a cost of US $544.00 (accounting for 17% of the GDP per capita in 2005). 49 A Chinese study reported costs of US $1,707.80 (45% of the GDP per capita in 2009) to manage each patient with T2DM. 50 It is notable that the direct medical costs reported by high-income countries, such as Singapore or nations in the Americas and Europe, are much higher. 33, 35, 51, 52 In addition, the indirect cost in this study was recorded as US $84.40 (78.80, 91.10); absenteeism costs accounted for 60.9% of this cost. This finding indicated that the correlation between the number of workdays missed significantly influences the indirect costs; one possible explanation for this is that the indirect costs in the study were lower than those reported by other studies 15 because the GDP per capita in Vietnam is lower than that of most other countries.
In terms of cost components, pharmaceuticals accounted for the bulk of the total expenditures in our study (27.5% of the total costs and 53.2% of the direct medical costs), which suggests that patients with T2DM are aware of the importance of treating the disease, as demonstrated by their compliance with prescribed prescription medications. In contrast with the findings of other studies, the second most expensive component of our total costs was medications. 33, 35, 49, 52 The present study also found that patients in the insulin and OAD group had higher treatment costs; some other studies also reported similar results.
Patients with poor glycemic control and associated diseases (hypertension, hyperlipidemia, and obesity) had higher treatment costs than those in the other groups, which 
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Le et al was in agreement with the findings of another study. 48 In addition, more highly educated people have lower treatment costs, which may be because more educated people are likely to maintain a healthy lifestyle while monitoring and treating their disease from its onset, while the average and less educated people are often uninterested in the disease until the onset of complications, so that the cost of treatment for severe illness is high.
Machine learning algorithms generally provide almost the same results in predicting the cost of treatment, but only two algorithms can eliminate factors that do not directly affect the cost of treatment, namely the Gradient Boost Regression and the Lasso Regression. The former algorithm yields the highest accuracy and identifies important features in estimating the costs, such as the number of comorbidities (0.42), age (0.23), health insurance status (0.1), the duration of illness (0.09), type of treatment (0.07), blood glucose level (0.07), and type of complications (0.02) (Figure 2 ). However, this algorithm is difficult to explain and is complex for nonexperts. 53 Therefore, the Lasso Regression algorithm is a better choice when presenting at nonprofessional seminars. It selects 15 of 17 features to estimate the annual direct medical cost; the regression is shown in Figure 3 with the significant factors that influence the costs, and the regression formula is shown below: . .
x x
As a prevalence-based cost-of-illness study from a social perspective, the strength of this study was to estimate the average annual T2DM treatment cost per case, as well as the cost of treatment for specific disease groups, especially those with different comorbidities. Moreover, the study used a variety of machine learning algorithms for a more in-depth and accurate analysis, especially in the era of technological development science, which many developing countries are using step by step to apply management data to electronics. The application of machine learning algorithms and data science knowledge to large data sources will help decision makers adopt more appropriate and effective policies for the management of diabetes. Nevertheless, this research study has several limitations that must be pointed out. First, the direct nonmedical costs and indirect costs were estimated using the subjective opinion of the patient. For this reason, they may have been inaccurate. Second, the direct medical costs were estimated using a source of unit cost reference that led to bias. Finally, the sample was small and, therefore, 
Conclusion
This is the first study to provide a comprehensive cost analysis of the cost of treating diabetes in Vietnam. The results indicate that the numbers of comorbidities and also the selected treatment type significantly affect the cost of treatment. With the increase in the incidence of diabetes along with obesity, diabetes will continue to be a burden on health budgets. In addition, new technology has simplified data management and analysis, and the application of data analysis techniques will make disease research more effective and accurate. Research is, therefore, an important step for other studies in Vietnam to help policymakers better manage diabetes as well as adjust the costs of the disease to reduce the long-term economic burden of the increasing pandemic. 
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